Abstract
(Thermo-Scientific) with a TracePLOT™ TG-BOND Msieve 5A column and a thermal conductivity 147 detector (TCD). The carrier gas was argon at a flow rate of 25 mL/min. The injector, oven and detector mM NaHCO 3 and 4.5 mM Na 2 CO 3 as the eluent fitted with an electron capture detector (ECD) at 30 159 mA.
160

Genome comparison
161
Genomes for all tested microorganisms were available at the JGI integrated microbial genomes and horonobensis and M. formicicum respectively. For searching the cytochrome motif (CxxCH), the 3of5 pattern matching application (Seiler et al., 2006) in addition to manual search was used to scan through 170 all the genomes.
171
Results and Discussion
172
It was previously shown that two Methanosarcinales, M. barkeri and M. harundinacea grew via DIET 173 whereas strict hydrogenotrophs did not (Rotaru et al., 2014a (Rotaru et al., , 2014b , 2014; Beese-Vasbender et al., 2015) . Indeed, hydrogen gas was 207 not detected in abiotic reactors at -400 mV except at day 27, when it reached at most 0.16 ± 0.23 μM
208
( Fig. 2A) . Still, since the inoculum was a mid-exponential active culture, there was a possibility that 209 microbial enzymes attach onto the electrode to produce hydrogen or formate (Deutzmann et al., 2015) .
210
M. formicicum is particularly well-suited for such a test because, the H 2 threshold of such a strict 211 hydrogenotroph is lower than that of Methanosarcina-methanogens (Thauer et al., 2008 (Thauer et al., , 2010 . For instance, the dissolved H 2 threshold of the hydrogenotrophic M. formicicum (~ 6 nM) is ~60 times 213 lower than that of M. barkeri (296 nM -376 nM) (Kral et al., 1998; Lovley, 1985) . In electrochemical 214 reactors with M. formicicum, no hydrogen or methane was detected and no substantial current draw 215 was observed at -400 mV (Fig. 2B) . Thus, M. formicicum could not carry electromethanogenesis 216 neither via electrochemical nor enzyme-mediated H 2 in our bioelectrochemical set-up.
217
The non-hydrogenotrophic Methanosarcina horonobensis produced methane using extracellular 218 electron uptake from Geobacter directly or via conductive particles
219
The non-hydrogenotrophic, Methanosarcina horonobensis paired syntrophically with G.
220
metallireducens with or without conductive particles as electric conduit (Fig 3A & B) . This is the we expect a conversion of 1 mol ethanol to 1.5 mol methane according to equations 3 to 5. (Fig. 4A) . In all the triplicate reactors, the methane production was significantly higher proteins.
285
Beside these differences, we also observed significant differences regarding energy metabolism (Table   286 3). M. barkeri utilizes hydrogen-cycling for its energy metabolism employing the energy-converting 287 hydrogenase (Ech) as proton pump (Kulkarni et al., 2018 cathode, under non-hydrogenotrophic conditions.
320
The diversity of methanogens capable of DIET is poorly known, with only two species of
321
Methanosarcinales previously shown to do DIET (Rotaru et al., 2014a (Rotaru et al., , 2014b 
